The transforming activity of fractionated complementary strands of Diplococcus pneumoniae deoxyribonucleic acid (DNA) bands at the position of fully denatured DNA in CsCl at pH 11.0, and is completely ( > 99.8%) destroyed by digestion with exonuclease-I. These results prove that pure single strands transform the normally prepared competent cells of this species. Their efficiency is about 0.5 % that of native DNA of comparable size.
The transforming activity of fractionated complementary strands of Diplococcus pneumoniae deoxyribonucleic acid (DNA) bands at the position of fully denatured DNA in CsCl at pH 11.0, and is completely ( > 99.8%) destroyed by digestion with exonuclease-I. These results prove that pure single strands transform the normally prepared competent cells of this species. Their efficiency is about 0.5 % that of native DNA of comparable size.
The usual preparations of competent Bacillus subtilis and Haemophilus influenzae do not accept single deoxyribonucleic acid (DNA) strands (1, 2, 13, 18) , but in specifically altered conditions they will take up single strands in preference to helical DNA (3, 4, 16, 17) . Denatured DNA is more active than the native form in the T4 phage transformation system in Escherichia coli spheroplasts (20) .
In Diplococcus pneumoniae the situation was less clear. In a number of studies from our laboratory (6, 8, 14) , DNA which was clearly denatured, as determined by its position in a CsCl density gradient, showed substantial biological activity. Conclusions about strand fractionation, transcription, and single-strand integration into the chromosome have, however, been independent of whether the activity resided in pure singles or in fragments with a small degree of helical structure, such as cross-linked hairpins with very unequal length arms. Because the biological properties correlated with those of the physically dominant structure (titration in alkali, binding of ribopolymers, renaturation, etc.), it was clear that even when there was a short segment of complementary strand, the longer strand was the one which entered the cell.
To learn more about the requirements for DNA entry into recipient cells, we have reexamined this question. The results demonstrate that normally prepared cultures of competent pneumococci accept single strands, with an efficiency about 200-fold lower than for native DNA of comparable strand length.
MATERIALS AND METHODS
Strains, media, and assay. Bacterial strains, media, preparation of competent recipient cultures and transformation procedures are described elsewhere (15) . DNA preparations. DNA species were prepared by the method of Marmur (12) . Sedimentation coeficients were calculated from boundary runs in the analytical ultracentrifuge. For native DNA, 55 was corrected to S'o,, and molecular weight was calculated by the method of Eigner and Dotty (5) . The method of Studier (19) was used for alkaline runs and single-stranded DNA.
Single-strand breaks. DNA species were nicked with pancreatic deoxyribonuclease-I (Worthington Biochemical Corp., Freehold, N.J., IX crystallized).
Deoxyribonuclease-I (0.10 ml) at 10 jig/ml in 10-8 M NaCl and 0.1% bovine serum albumen (BSA) was added to 9.9 ml of 10 mm sodium acetate (pH 5.5)-5 mM MgC12-0.2 M NaCl-0.05% BSA. A 0.9-ml amount of this solution was added to 10. MgC12 was boiled for 10 min at 80 C, diluted to 0.2 mg/ml, and added to the enzyme solution to inhibit a slight endonuclease-I activity. Dilution of enzyme and reaction media were essentially those of Lehman and Nussbaum (11) . Transfer 
RESULTS
To test the hypothesis that covalently crosslinked structures account for all activity in denatured pneumococcal DNA, the behavior of a preparation deliberately nicked was compared to that of one essentially free of single-strand breaks (Fig. 1) The biological activity in the denatured region could still be due to structures cross-linked to short segments of a second strand, or to a small degree of renaturation after fractionation. To test these possibilities we employed exonuclease-I (11), which acts only on free 3'-OH ends of single-stranded DNA, and CsCl gradients at pH 11.0, which separate denatured DNA fourfold further from native DNA than do neutral gradients (21) . Figure 2 shows (Fig. 3) c Light-strand fraction from a poly G, U fractionation after digestion of residual ribopolymer with alkali, dialysis, and annealing at 65 C for 5 hr in 2 X SSC. Median single-strand molecular weight = 2.1 X 106. See Fig. 3 for the distribution of this preparation in CsCI, pH 11.
d Ratio of single to native; mean, 0.45%. e Digestion for 1 hr with exonuclease-I at 37 C. f Twice the residual activity "after" subtracted from the "before" figure, on the assumption that half of all partially double-strand structures are inactivated by exonuclease-I. This is the most conservative estimate; the true efficiency of the strands is probably higher. the relative efficiency of single strands would be 0.5 to 0.6% that of native DNA of comparable strand length. We have not been able so far to find conditions where only denatured DNA is active.
DISCUSSION
In D. pneumoniae, in contrast to B. subtilis and H. influenzae, the bulk of the residual activity in denatured DNA is associated with the fully denatured fraction in neutral (Fig. 1) or pH 11.0 (Fig. 3) CsCl density gradients. It also runs close to the absorbance pattern in alkaline sedimentation velocity experiments and comes off hydroxyapatite columns in the denatured region (Miao, unpublished data). These results differ from those of Mulder and Fox, cited in Mulder and Doty (13) , in which it was stated that the pneumococcal system showed results like those of H. influenzae. Even though the activity is susceptible to exonuclease-I digestion, a criterion usually accepted as proof of single strand character, it could be argued that complements associate temporarily in solution or on the cell surface and thus are aided in entry. By removing one of the complements entirely, however, we have eliminated this possibility. The sole remaining argument is that cross-links occur in such a way that the long arm of an asymmetric hairpin structure is always terminated by 3'-OH. The burden of proof of such an argument may be left to the proponent.
We conclude that single strands of DNA transform normally prepared competent cultures of D. pneumoniae with an efficiency about 0.5% that of native DNA of comparable strand size. From the work of Lerman and Tolmach (10) , it is evident that the lower efficiency is largely or entirely at the entry step.
